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(54) METHOD OF PRODUCING REDUCED COENZYME Q10 USING SOLVENT WITH HIGH 
OXIDATION-PROTECTIVE EFFECT 



(57) The present invention relates to a method of 
conveniently and efficiently producing reduced coen- 
zyme Q^o having excellent qualities which is useful in 
foods, functional nutritive foods, specific health foods, 
nutritional supplements, nutrients, drinks, feeds, animal 
drugs, cosmetics, medicines, remedies, preventive 
drugs, etc. This method is suitable for industrial produc- 
tion thereof. 

In a method of synthesizing reduced coenzyme Q.|o 



by reducing oxidized coenzyme Q^q, followed by crys- 
tallization, at least one species selected from among hy- 
drocarbons, fatty acid esters, ethers and nitriles is used 
as a solvent. Thus, the reduced coenzyme Q^q 
protected from oxidation, and as a result, the formation 
of the oxidized coenzyme Q^q as a by-product can be 
minimized, thereby giving reduced coenzyme Q^q hav- 
ing excellent qualities. 
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Description 

TECHNICAL FIELD 

5 [00011 The present Invention relates to a method of synthesizing and a method of crystallizing reduced coenzyme 
Q,„ Reduced coenzyme Q^o shows a higher level of oral absorbability as compared with oxidized coenzyme Q^o and 
is a compound useful as an ingredient in good foods, functional nutritive foods, specific health foods, nutritional sup- 
plements, nutrients, drinks, feeds, animal drugs, cosmetics, medicines, remedies, preventive drugs, etc. 

10 BACKGROUND ART 

ro0021 Oxidized coenzyme 0^0. which is a benzoquinone derivative widely distributed In the biological world is also 
called vitamin Q because of Its vitamin-like function and is an Ingredient acting as a nutrient In restoring the cell activity 
that has been weakened to its healthy condition and rejuvenating the body. On the other hand, reduced coenzyme 
Q,„ Which is derived from oxidized coenzyme Qio by two-electron reduction, is as whrte crystals as compared with 
oxidized coenzyme Q.o being as orange-colored crystals. Reduced coenzyme Q^o and oxidized coenzyme Q,^ are 
known to be localized In the mitochondrion, lysosome, Golgi body, microsome, peroxisome, and cell membrane, among 
others and Involved, as constituents of the electron transport system. In ATP production and activation, m ww anti- 
oxidant activity, and membrane stabilization; they are thus substances indispensable for body function maintenance 
[00031 It is known that reduced coenzyme 0,0 can be prepared by producing coenzyme Q^o in the conventional 
manner for example by synthesis, femientation. or extraction from natural products, and concentrating a reduced 
coenzyme Q.o-containing eluate fraction resulting from chromatography (JP-A-1 0-1 09933). On that occasion, as de- 
scribed in the above-cited publication, the chromatographic concentration may be carried out after reduction of oxidized 
coenzyme Q.o contained In the reduced coenzyme O^o with aconventional reducing agent such as sodium borohydnde 
or sodium dithionite (sodium hyposulflte), or reduced coenzyme Q,o may be prepared by reacting the reducing agent 
mentioned above with an existing highly pure grade of coenzyme 0,0 (oxidized fomi). However, the thus-obtained 
reduced coenzyme Q,o cannot always be in a highly pure state but tends to occur as a low-purity crystalline, semisolid, 
or oily product containing such impurities as oxidized coenzyme Q^o , 
[00041 JP-A-57-70834 discloses an example in which reduced coenzyme Q^o was synthesized by dissolving coen- 
zyme Q,o in hexane and adding an aqueous solution of sodium hydrosulfite (sodium hyposulflte) to the solution, fol- 
lowed by stirring. However, sodium hyposulflte was used as a reducing agent in an amount as large as twice the weight 
of coenzyme Q,o. Thus, such method of synthesis has problems from the economical viewpoint as well as complexity 

viewpoint of the subsequent purification procedure. 

[00051 Reduced coenzyme 0,0 is readily oxidized to oxidized coenzyme Q^o by molecular oxygen. On a commercial 
production scale, complete oxygen elimination Is very difficult to achieve and. furthemiore. fairiy long penods of time 
are required for Individual operations, unlike laboratory scale production, so that residual oxygen exerts a great adyeree 
effect The oxidation in question is directly connected with such yield and quality problems as the fomnat.on of hardly 
ellmlnable oxidized coenzyme Q,o and adulteration of the product therewith. For obtaining highly pure reduced coen- 
zyme Q,o in the form of crystals, it is important to adequately protect the reduced fomi from the oxidation mentioned 
40 above. 

SUMMARY OF THE INVENTION 

[00061 In view of the foregoing, the present invention has an object to provide a convenient and efficient method of 
45 synthesizing and of crystallizing high-quality reduced coenzyme Q^o- Furthermore, the present invention has another 
object to provide an outstanding method for obtaining high-quality reduced coenzyme Q in the fomi of crystals which 
is suited for the production thereof on a commercial scale. 

[0007] The present inventors made intensive investigations, and as a result, found that when placed m a specific 
solvent, reduced coenzyme Q,o is favorably protected from oxidation by molecular oxygen and, based on this finding. 
so they have completed the present invention. 

[00081 Thus, the present invention provides a method of producing reduced coenzyme Q^o 

which comprises using at least one species selected from among hydrocarbons exclusive of hexane, fatty acid 
esters, ethers and nitriles as a solvent in synthesizing reduced coenzyme Q,o by reduction of oxidized coenzyme Q^^. 
[00091 The invention also provides a method for producing reduced coenzyme 0^0 

which comprises using a hydrocarbon as a solvent in a deoxygenated atmosphere in synthesizing reduced coen- 
zyme Q^q by reduction of oxidized coenzyme Qio- 

[001 01 The invention further provides a method for crystallizing reduced coenzyme Q^q. . ^ , 

which comprises crystallizing the reduced coenzyme Q,o using, as a solvent, at least one species selected from 
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the group consisting of hydrocarbons, fatty acid esters, ethers and nitriles. 

[0011] The invention further provides a method for stabilizing reduced coenzyme Q^o 

which comprises handling reduced coenzyme Q^q ^ solution in at least one solvent selected from 

among hydrocarbons, fatty acid esters, ethers and nitriles to thereby protect the reduced coenzyme Q^q from oxidation 
5 by molecular oxygen. 

[0012] The invention still further provides a reduced coenzyme Q^q crystal with a reduced coenzyme Q^g/oxidized 
coenzyme Q^q weight ratio of not lower than 96/4. 

[0013] In accordance with the present invention, it is possible, in synthesizing reduced coenzyme Q^q by reduction 
of oxidized coenzyme Q^q^ favorably protect the reduced coenzyme Q^q from oxidation by molecular oxygen and, 
10 thus, it is possible to synthesize high-quality reduced coenzyme Q^q in such a condition that the formation of oxidized 
coenzyme Q^q as a byproduct is minimized. Furthermore, the method of crystallizing reduced coenzyme Q^q of the 
present invention makes it possible to favorably protect reduced coenzyme Q^q ^^^^ oxidation by molecular oxygen 
and, thus it is possible to convert the same into a crystalline state in such a condition that the formation of oxidized 
coenzyme Qio as a byproduct is minimized and thereby obtain high-quality crystalline coenzyme Q^q. 

15 

DETAILED DISCLOSURE OF THE INVENTION 

[0014] In the following, the present invention is described In detail. 

[0015] In accordance with the invention, a solvent highly effective in protecting reduced coenzyme Q^q ^""om the 
20 above-mentioned oxidation, namely at least one species selected from among hydrocarbons, fatty acid esters, ethers, 
and nitriles is used for synthesizing high-quality reduced coenzyme O^q and for crystallizing the same and, further, for 
handling reduced coenzyme Q^q stably, while inhibiting the oxidation of reduced coenzyme Q^q oxidized coenzyme 
Q^Q by molecular oxygen. Surprisingly, reduced coenzyme Qio is adequately protected from oxidation by molecular 
oxygen in a state dissolved or suspended in the solvents mentioned above rather in a crystalline state. Such oxidation- 
25 protective effect of the solvents has been found for the first time by the present inventors. 

[0016] The hydrocarbons are not particularly restricted, but there may be mentioned, for example, aliphatic hydro- 
carbons, aromatic hydrocarbons, hafogenated hydrocarbons, etc. Preferred are aliphatic hydrocarbons and aromatic 
hydrocarbons, and more preferred are aliphatic hydrocarbons. 

[0017] The aliphatic hydrocarbons are not particularly restricted, and may be cyclic or acyclic, or saturated or un- 
30 saturated. However, generally they contain 3 to 20 carbon atoms, and preferably 5 to 12 carbon atoms. 

[0018] As specific examples, there may be mentioned, for example, propane, butane, isobutane, pentane, 2-meth- 
ylbutane. cyciopentane, 2-pentene, hexane, 2-methylpentane, 2,2-dimethylbutane, 2,3-dimethylbutane, methylcy- 
clopentane, cyclohexane, 1-hexene, cyclohexene, heptane, 2-methylhexane, 3-methylhexane, 2,3-dimethylpentane, 
2,4-dimethylpentane, methylcyclohexane, 1-heptene, octane, 2,2,3-trimethylpentane, isooctane, ethylcyclohexane, 
35 1-octene, nonane, 2,2,5-trimethylhexane, 1-nonene, decane, 1-decene, p-menthane, undecane, dodecane, etc. 

[0019] Among them, saturated aliphatic hydrocarbons having 5 to 8 carbon atoms are more preferred, and preferably 
used are pentane, 2-methyibutane and cyciopentane, which have 5 carbon atoms (refen^ed to as "pentanes"); hexane, 
2-methylpentane, 2,2-dimethylbutane, 2,3-dimethylbutane, methylcyclopentane, cyclohexane, which have 6 carbon 
atoms (referred to as "hexanes"); heptane, 2-methylhexane, 3-nr>ethylhexane, 2,3-dimethylpentane, 2,4-dimethyIpen- 
40 tane, methylcyclohexane, which have 7 carbon atoms (referred to as "heptanes"); octane, 2,2,3-trimethylpentane, 
isooctane, ethylcyclohexane, which have 8 carbon atoms (referred to as octanes); and a mixture of these, in particular, 
the above heptanes are particularly preferred since they have a tendency to show a very high protection effect against 
oxidization, and heptane is most prefen'ed. 

[0020] The aromatic hydrocariDons are not particularly restricted, but generally they contain 6 to 20 carbon atoms, 
45 preferably 6 to 12 carbon atoms, and more preferably 7 to 10 carbon atoms. As specific examples, there may be 
mentioned, for example, benzene, toluene, xylene, o-xylene, m-xylene, p-xylene, ethylbenzene, cumene, mesltylene, 
tetralin, bulylbenzene, p-cymene, cyclohexylbenzene, diethylbenzene, pentylbenzene, dipentylbenzene, dodecylben- 
zene, styrene, etc. Preferred are toluene, xylene, o-xylene, m-xylene, p-xylene, ethylbenzene, cumene, mesitylene, 
tetralin, butylbenzene, p-cymene, cyclohexylbenzene, diethylbenzene and pentylbenzene. More preferred are toluene, 
so xylene, o-xylene, m-xylene, p-xylene, cumene and tetralin, and most preferred is cumene. 

[0021] The halogenated hydrocarbons are not particularly restricted, and may be cyclic or acyclic, or saturated or 
unsaturated. However, acyclic halogenated hydrocarbons are preferably used. More preferred are chlorinated hydro- 
carbons and fluorinated hydrocarbons, and chlorinated hydrocarbons are still more preferred. Additionally, ones con- 
taining 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms, and more preferably 1 to 2 carbon atoms are used. 
55 [0022] As specific examples, for example, there may be mentioned dichloromethane, chlorofomn, carbon tetrachlo- 
ride, 1 ,1-dichloroethane, 1,2-dichloroethane, 1 ,1 ,1-trichloroethane, 1 .1 ,2-trichloroethane, 1 ,1 ,1 ,2-tetrachloroethane, 
1 ,1 ,2,2-tetrachloroethane, pentachloroethane, hexachloroethane, 1 ,1-dichloroethylene, 1 ,2-dichloroethylene, trichlo- 
roethylene. tetrachloroethylene, 1 .2-dichloropropane. 1 .2.3-trichloropropane, chlorobenzene, 1 ,1 ,1 ,2-tetrafluor- 
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oethane, etc. Preferred are dichloromethane, chloroform, carbon tetrachloride, 1 , 1 -dichloroethane, 1 ,2-dlchloroethane, 
1,1.1-trlchloroethane, 1 ,1 ,2-trichloroethane, 1 .1-dichlcroethylene, 1 ,2-dichloroethylene, trichloroethylene. chloroben- 
zene and 1,1,1 ,2-tetrafluoroethane. More preferred are dichloromethane, chloroform, 1 ,2-dichloroethylene, trichlo- 
roethylene. chlorobenzene and 1,1,1,2-tetrafluoroethane. Still more preferred are dichloromethane, chlorofonn, 

5 1 ,2-dich!oroethyiene and trichloroethylene. 

[0023] The fatty acid esters are not particularly restricted, but there may be mentioned, for example, propionates, 
acetates, formates, etc. Preferred are acetates and formates, and more preferred are acetates. Ester functional groups 
thereof are not particularly restricted, but there may be mentioned alkyi esters having 1 to 8 carbon atoms, aralkyl 
esters having 1 to 8 carbon atoms, etc. Preferred are alky! esters having 1 to 6 carbon atoms, and more preferred are 

10 alkyI esters having 1 to 4 carbon atoms. 

[0024] As the propionates, there may be mentioned, for example, methyl propionate, ethyl propionate, butyl propi- 
onate, isopentyl propionate, etc. Preferred is ethyl propionate. 

[0025] As the acetates, there may be mentioned, for example, methyl acetate, ethyl acetate, propyl acetate, isopropyl 
acetate, butyl acetate, isobutyl acetate, sec-butyl acetate, pentyl acetate, isopentyl acetate, sec-hexyl acetate, cy- 
15 clohexyl acetate, benzyl acetate, etc. Preferred are methyl acetate, ethyl acetate, propyl acetate, isopropyl acetate, 
butyl acetate, isobutyl acetate, sec-butyl acetate, pentyl acetate, isopentyl acetate, sec-hexyl acetate and cyclohexyl 
acetate. More preferred are methyl acetate, ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate and Isobutyl 
acetate. Most preferred is ethyl acetate. 

[0026] As the formates, there may be mentioned, for example, methyl formate, ethyl formate, propyl formate, iso- 

20 propyl formate, butyl fonnate, isobutyl formate, sec-butyl formate, pentyl fomnate, etc. Preferred are methyl fonmate, 
ethyl fonnate, propyl fomnate, butyl formate, isobutyl formate and pentyl formate, and most preferred is ethyl fomnate. 
[0027] The ethers are not particularly restricted, and may be cyclic or acyclic, or saturated or unsaturated. But sat- 
urated ones are preferably used. Generally, ones containing 3 to 20 carbon atoms, and preferably 4 to 1 2 carbon atoms 
and more preferably 4 to 8 carbon atoms are used. 

25 [0028] As specific examples, there may be mentioned, for example, diethyl ether, methyl tert-butyl ether, dipropyl 
ether, 'diisopropyl ether, dibutyl ether, dihexyl ether, ethyl vinyl ether, butyl vinyi ether, anisol, phenetole, butyl phenyl 
ether, methoxytoluene, dioxane, furan, 2-methylfuran, tetrahydrof uran, tetrahydropyran, ethylene glycol dimethyl ether, 
ethylene glycol diethyl ether, ethylene glycol dibutyl ether, ethylene glycol monomethyl ether, ethylene glycol monoethyl 
ether, ethylene glycol monobutyl ether, etc. 

30 [0029] Preferred are diethyl ether, methyl tert-butyl ether, dipropyl ether, diisopropyl ether, dibutyl ether, dihexyl ether, 
anisol, phenetole, butyl phenyl ether, methoxytoluene, dioxane, 2-methylfuran, tetrahydrofuran, tetrahydropyran. eth- 
ylene glycol dimethyl ether, ethylene glycol diethyl ether, ethylene glycol dibutyl ether, ethylene glycol monomethyl 
ether and ethylene glycol monoethyl ether. More preferred are diethyl ether, methyl tert-butyl ether, anisol. dioxane, 
tetrahydrofuran, ethylene glycol monomethyl ether and ethylene glycol monoethyl ether. More preferred are diethyl 

35 ether, methyl tert-butyl ether, anisol, etc., and most preferred is methyl tert-butyl ether. 

[0030] The nitriles are not particularly restricted, and may be cyclic or acyclic, or saturated or unsaturated. However, 
saturated ones are preferably used. Generally, ones containing 2 to 20 carbon atoms, preferably 2 to 1 2 carbon atoms, 
and more preferably 2 to 8 carbon atoms are used. 

[0031] As specific examples, there may be mentioned, for example, acetonitrile, propiononitrile, malononitrile, buty- 
40 ronitrile. isobutyronitrile, succinonitrile, valeronitrile, glutaronitrile, hexanenitrile. heptylcyanide, octylcyanide, unde- 
canenitrile, dodecanenitrile, tridecanenitrile. pentadecanenitrile, stearonitrile. chloroacetonitrile, bromoacetonitrile, 
chloropropiononitrile, bromopropiononitrile, methoxyacetonitrile, methyl cyanoacetate, ethyl cyanoacetate, tolunitrile, 
benzonitrile, chlorobenzonitrile, bromobenzonitrile, cyanobenzoic acid, nitrobenzonitrlle, anisonitrile. phthalonitrile, 
bromotolunitrile, methyl cyanobenzoate, methoxybenzonitrile, acetylbenzonitrile, naphthonitrile, biphenylcarbonltrile. 
45 phenylpropiononitrile. phenylbutyronitrile, methylphenylacetonitrile, diphenylacetonitrile, naphthylacetonltrile, nitroph- 
enylacetonitrile. chlorobenzylcyanide, cyclopropanecarbonitrile, cyclohexanecarbonitrile, cycloheptanecarbonltrile, 
phenylcyclohexanecarbonitrile, lolylcyclohexanecarbonitrile, etc. 

[0032] Preferred are acetonitrile, propiononitrile, butyronltrile, isobutyronitrile. succinonitrile, valeronitrile, chloropro- 
piononitrile, methyl cyanoacetate. ethyl cyanoacetate, tolunitrile and benzonitrile. More prefen*ed are acetonitrile, pro- 

so piononitrile. butyronitrile and isobutyronitrile, and most prefenred is acetonitrile. 

[0033] In selecting the solvent to be used from among the solvents mentioned above, such properties as boiling 
point and viscosity are preferably taken into consideration; for example, the solvent should have a boiling point which 
allows appropriate warming for increasing the solubility and facilitates a solvent removal from wet masses by drying 
and solvent recovery from crystallization filtrates (about 30 to 150°C at 1 atm), a melting point such that solidification 

55 hardly occurs in handling at room temperature as well as upon cooling to room temperature or below (not higher than 
about 20°C. preferably not higher than about 10°C, still more preferably not higherthan about 0°C), and a low viscosity 
(not higherthan about 10 cp at 20*»C). From the industrial operation viewpoint, a solvent which is scarcely volatile at 
ordinary temperature is preferred; for example, one having a boiling point of not lower than about 80**C is preferred. 
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and one having a boiling point of not lower than about 90**C is more preferred. 

[0034] Reduced coenzyme Q^q, when in a dissolved state, tends to become more resistant to oxidation as the con- 
centration thereof increases. Reduced coenzyme Q-,o is highly soluble in the solvents mentioned above and, in this 
respect, too, the above solvents are suitable for the protection from oxidation. The concentration of reduced coenzyme 

5 Q,Q which is preferred from the viewpoint of protection thereof from oxidation may vary depending on the solvent 
species, among others, hence cannot be absolutely specified. Generally, however, the concentration of reduced coen- 
zyme Qio in the above solvents is generally not lower than 1 w/w%, preferably not lower than 2 wyw%. The upper limit 
is not particularly restricted but, from the practical operability viewpoint, it is 400 w/w*»/o or below, preferably 200 w/w% 
or below, more preferably 100 w/w% or below, still more preferably 50 w/w% or below. 

10 [0035] Furthermore, the solubility of reduced coenzyme Q^q in the solvents mentioned above shows a favorable 
temperature dependency. Therefore, the use of the above solvents is suitable also for favorably reducing the amount 
of reduced coenzyme Q-,o in solution and converting (crystallizing) the same into a crystalline state. 
[0036] Thus, when such a solvent as mentioned above is used, it is possible to minimize the undesirable oxygen- 
involving side reaction in the step of reduction reaction of oxidized coenzyme Q^q and/or crystallization of reduced 

IS ' coenzyme Q^q- in addition, when reduced coenzyme Q^q 's handled in the form of a solution in any of the solvents 
mentioned above, the reduced coenzyme Q.,o is protected from oxidation by molecular oxygen and is thus stabilized, 
so that such handling operations as extraction and washing (extraction using any of the above solvents as added from 
the outside and washing with water), concentration (including solvent substitution by adding another solvent while 
concentrating) and column chromatography may be carried out successfully. In the practice of the invention, it is of 

20 course preferred that the series of operations from the reduction reaction of oxidized coenzyme O^qIo the crystallization 
(purification by crystallization) of reduced coenzyme Q^q (inclusive of extraction of reduced coenzyme Q^q. washing 
the extract with water, and so forth, where necessary) be carried out using the solvent or solvents mentioned above. 
[0037] In the practice of the invention, the above solvents may be used in combination with another solvent, if nec- 
essary, within such an amount that the latter does not produce some or other adverse effect. For example, an appro- 

25 priate amount of another solvent may be added to the above solvents in order to improve the solubility of oxidized 
coenzyme Q^q and/or reduced coenzyme Q^o* the solubility of the reducing agent, the rate of reaction and the like in 
the reduction reaction and, in the crystallization of reduced coenzyme Q^o. to improve the solubility of reduced coen- 
zyme Q^o well as the crystallization concentration, crystallization temperature, yield, slurry properties, ciystal prop- 
erties, and the like. 

30 [0038] Such other solvent is not particularly restricted but includes, among others, water, alcohols, fatty acids, ke- 
tones, nitrogen-containing compounds other than nitriles, and sulfur-containing compounds, and the like. 
[0039] The alcohols are not partlculariy restricted but may be cyclic or acyclic, or saturated or unsaturated. Saturated 
ones are preferred, however. Generally, they contain 1 to 20 carbon atoms, preferably 1 to 12 carbon atoms, more 
preferably 1 to 6 carbon atoms, still more preferably 1 to 5 carbon atoms, and most preferably 1 to 3 carbon atoms. 

35 Monohydric alcoho Is containing 2 or 3 carbon atoms, dihydric alcohols containing 2 to 5 carbon atoms, and the trihydric 
alcohol containing 3 carbon atoms are prefen'ed, among others. 

[0040] As the monohydric alcohol, there may be mentioned, for example, methanol, ethanol, 1 -propanol, 2-propanol, 
1-butanol, 2-butanol, isobutyl alcohol, tert-butyl alcohol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanoK iso- 
pentyl alcohoL tert-pentyl alcohol, 3-methyl-2-butanol, neopentyl alcohol, 1-hexanol, 2-methyl- 1-pentanol, 4-methyl- 
40 2-pentanol,-2-ethyl-1-butanol, 1-heptanol, 2-heptanol, 3-heptanol, 1-octanot, 2-octanol, 2-ethyl-1-hexanol, 1-nonanol, 
1 -decanol, 1 -undecanol, 1 -dodecanol, allyl alcohol, propargyl alcohol, benzyl alcohol, cyclohexanol, 1 -methylcyclohex- 
anol, 2-methylcyclohexanol, 3-methylcyclohexanol, 4-methylcyclohexanol, etc. 

[0041] Preferred are methanol, ethanol, 1 -propanol, 2-propanol, 1-butanol, 2-butanol, isobutyl alcohol, tert-butyl al- 
cohol, 1-pentanoI, 2-pentanol, 3-pentanol, 2-methyl- 1-butanol, isopentyl alcohol, tert-pentyl alcohol, 3-methyl-2-buta- 

43 nol, neopentyl alcohol, 1-hexanol, 2-methyl-1-pentanol, 4-methyl-2-pentanol, 2-ethyl-1-butanol and cyclohexanol. 
More preferred are methanol, ethanol, 1 -propanol, 2-propanol, 1 -butanol, 2-butanol, isobutyl alcohol, tert-butyl alcohol. 
1-penlanol, 2-penlanoI, 3-pentanol, 2-methyl-1-butanol, isopentyl alcohol, tert-pentyl alcohol, 3-methyl-2-butanol and 
neopentyl alcohol. Still more preferred are methanol, ethanol, 1 -propanol, 2-propanol, 1-butanol, 2-butanol, isobutyl 
alcohol, 2-methyl-1 -butanol and isopentyl alcohol. Further preferred are methanol, ethanol, 1 -propanol and 2-propanol, 

50 particularly preferred are ethanol, 1 -propanol and 2-propanol, and most preferred is ethanol. 

[0042] As the dihydric alcohol, there may be mentioned, for example, 1 ,2-ethanediol, 1 ,2-propandiol, 1 ,3-propandiol, 
1 ,2-butanediol, 1 ,3-butanediol, 1 ,4-butanedlol, 2,3-butanediol. 1 ,5-pentanediol, etc. Preferred are 1 ,2-ethanediol, 
1 ,2-propandiol and 1 ,3-propandiol, and most preferred is 1 ,2-ethanediol. 
[0043] As the trihydric alcohol, glycerol, etc. may be preferably used, for example. 

55 [0044] As fatty acids, there may be mentioned, for example, formic acid, acetic acid, propionic acid, etc. Preferred 
are formic acid and acetic acid, and most preferred is acetic acid. 

[0045] The ketones are not particularly restricted, and ones having 3 to 6 carbon atoms are preferably used. As 
specific examples, there may be mentioned, for example, acetone, methyl ethyl ketone, methyl butyl ketone, methyl 
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isobutyl ketone, etc. Preferred are acetone and methyl ethyl ketone, and most preferred is acetone. 
[0046] As the nitrogen compounds, there may be mentioned, for example, nitromethane. triethylamine. pyridine, 
formamide. N-methylformamlde, N, N-dlmethylformamide, N,N-dimethylacetoamide, N-methylpyrrolldone, etc. 
[0047] As the sulfur compounds, there may be mentioned, for example, dimethyl sulfoxide, sulfolane, etc. 

5 [0048] It is recommended that the above-mentioned other solvent is used, together with at least one solvent selected 
from among hydrocarbons, fatty acid esters, ethers, and nitriles, in an adequate proportion depending on the solvent 
characteristics thereof, including the known physical properties thereof, such as melting point, boiling point, vapor 
pressure characteristics, and phase transition, and the above-mentioned solvent amount and, further, on the effect to 
the solubility of oxidized coenzyme Q^q, reduced coenzyme Q^o and/or the reducing agent. 

10 [0049] Although the other solvent may be used within an amount causing no adverse effect, without any other par- 
ticular restriction, it is preferred from the viewpoint of oxidation-protective effect and/or crystallization yield (to be men- 
tioned later herein), among others, that the above-mentioned solvent with high oxidation-protective effect (at least one 
species selected from among hydrocarbons, fatty acid esters, ethers, and nitriles) is present in a larger proportion. It 
Is more preferred to use a solvent whose substantial main ingredient is a solvent with high oxidation -protective effect. 

15 [0050] in cases where the system comprises a homogeneous solvent phase, at least one solvent selected from 
among hydrocarbons, fatty acid esters, ethers, and nitriles Is preferably used as the reaction solvent or crystallization 
solvent or as the main ingredient of the solvent for handling in the concentration, extraction, column chromatography 
and/or other operations. In cases where the system forms different solvent phases, It Is a preferred embodiment that 
the main ingredient of the solvent phase having larger solubility of reduced coenzyme Qio (in the case of a mixed 

20 solvent system composed of water and an organic solvent low in miscibility with water, for instance, reduced coenzyme 
Qio is scarcely soluble in the aqueous phase but soluble in the organic solvent phase low in miscibility with water) is 
at least one solvent selected from among hydrocarbons, fatty acid esters, ethers, and nitriles. 

[0051] From such viewpoint, the other solvent is used generally in a volume ratio of lower than about 0.3, preferably 
lower than about 0.2, more preferably lower than about 0.1 , and still more preferably lower than about 0.05, relative 
25 to the whole solvent amount In the case of homogeneous systems or, in the case of heterogeneous systems, to the 
volume of the solvent having larger solubility of reduced coenzyme Qio- Needless to say, the lower limit is 0 (zero). 
[0052] Among the other solvents specifically given hereinabove, alcohols and/or water are most preferably used 
either singly or in combination from the reaction rate and yield improvement viewpoint in the reduction reaction of 
oxidized coenzyme Q.o- In the step of crystallizing reduced coenzyme Qio, water can be preferably used from the 
30 viewpoint of improvement in slurry characteristics such as fluidity. 

[0053] Now. a method of producing reduced coenzyme Qio by reducing oxidized coenzynne Q^o »s described. 
[0054] The oxidized coenzyme Q^o to be used in the practice of the invention may be one prepared by synthesis, 
fermentation, or extraction from a natural product, for instance, as mentioned hereinabove, or maybe an existing high- 
purity grade of coenzyme Q^o- It may consist of oxidized coenzyme alone or may be a mixture of oxidized coenzyme 
35 Q^Q and reduced coenzyme Q^o- 

[0055] In the practice of the invention, the reduction of oxidized coenzyme Q^q is carried out using, as a solvent, the 
above-mentioned solvent with high oxidation -protective effect, namely at least one species selected from among hy- 
drocarbons, fatty acid esters, ethers, and nitriles. and, as the reducing agent, a metal hydride compound, iron (metallic 
iron or iron in asaltform). zinc (metallic zinc), hyposulfurous acid or a salt thereof, or ascorbic acid or a related compound 
40 thereof, for instance. u ^ 

[0056] The metal hydride compound is not particularly restricted but includes, among others, sodium borohydnde 
and lithium aluminum hydride. The amount to be used of the metal hydride compound may vary depending on the 
species thereof, hence cannot be absolutely specified. Generally, however, the reduction can be favorably camed out 
by using it in an amount of 1 to 3 times the theoretical hydrogen equivalent. 
45 [0057] The reduction using iron or zinc is generally carried out using an acid. The acid is not particularly restricted 
but includes, among others, fatty acids such as acetic acid, sulfonic acids such as methanesulfonic acid, and inorganic 
acids such as hydrochloric acid and sulfuric acid. Inorganic acids are preferred, and sulfuric acid is more preferred. 
[0058] The amount of iron to be used is not particularly restricted but, for example, an amount of about 1/5 by weight 
or larger based on the charged weight of oxidized coenzyme O^o 's appropriate for canying out the reaction. The upper 
so limit is not particularly restricted but. from the economical viewpoint, it is about twice the weight of the above charged 
weight or lower. Iron may be used not only in the form of metallic iron but also in the fomn of a salt, for example iron 

(11) sulfate, etc. * ♦ -./.n u 

[0059] The amount of zinc to be used is not particularly restricted but, for example, an amount of about 1/10 by 
weight or larger based on the charged weight of oxidized coenzyme Q^o is appropriate for carrying out the reaction. 
55 The upper limit is not particularly restricted but. from the economic viewpoint, it is about twice the weight of the above 
charged weight or lower. 

[0060] The hyposulfurous acid or a salt thereof is not particularly restricted but a salt fomn of hyposulfurous acid is 
generally used. The salt of hyposulfurous acid is not particularly restricted but includes, as preferred species, alkali 
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meta! salts, alkaline earth metal salts, ammonium salt and the like. Alkali metal salts such as the lithium salt, sodium 
salt, and potassium salt are more preferred, and the sodium salt is most preferred. The amount to be used of the 
hyposulfurous acid or salt is not particularly restricted but it is generally not smaller than about 1/5 by weight, preferably 
not smaller than about 2/5 by weight, and more preferably not smaller than about 3/5 by weight, based on the charged 

5 weight of oxidized coenzyme Q^q- ^^^9^^ amounts may be used without causing any particular trouble. From the eco- 
nomical viewpoint, however, the amount to be employed is not larger than about twice the weight of the above-men- 
tioned charged weight, preferably not larger than the charged weight. Thus, the reaction can be more favorably carried 
out with employing an amount within the range of about 2/5 by weight of the above-mentioned charge to a weight 
roughly equal to that of the charged weight. 

10 [0061] The ascorbic acid or related compounds thereof are not particularly restricted, and include, for example, not 
only ascorbic acid, but also rhamno-ascorbic acid, arabo-ascorbic acid, gluco-ascorbic acid, fuco-ascorbic acid, glu- 
cohepto-ascorbic acid, xylo-ascorbic acid, galacto-ascorbic acid, gulo-ascorbic acid, allo-ascorbic acid, erythro-ascor- 
bic acid, 6-desoxy ascorbic acid, and the like ascorbic acid derivatives, and may be ester fomns or salts of these. Fur- 
thermore, these may be L-form, D-fomi or racemic form. More specifically, there may be mentioned, for example, L- 

15 ascorbic acid, L-ascort)yl palmitate, L-ascorbyl stearate, D-arabo-ascorbic acid, etc. In producing the reduced coen- 
zyme Qio, any of the above-mentioned ascorbic acid and related compounds thereof may be suitably used. However, 
the water-soluble ones are suitably used in particular among the above-mentioned ascorbic acid or related compounds 
thereof in view of separatabllity with the generated reduced coenzyme Q^Q' And most preferred is a free fomri of 
L-ascorbic acid, D-arabo-ascorbic acid, and the like In view of the ready availability, price, etc. 

20 [0062] The amount to be used of the ascorbic acid or a related compound thereof mentioned above is not particularly 
restricted but may be an amount effective in converting oxidized coenzyme Q^q to reduced coenzyme Q^o- Generally 
it is not smaller than 1 mole, preferably not smaller than 1 .2 moles, per mole of oxidized coenzyme Q^q- "^^^ upper 
limit is not particularly restricted but, from the economical viewpoint, it is generally not higher than 1 0 moles, preferably 
not higher than 5 moles, and more preferably not higher than 3 moles, per mole of the oxidized coenzyme Q^q. 

25 [0063] Among the reducing agent species mentioned above, zinc, hyposulfurous acid and salts thereof, and ascorbic 
acid and related compounds thereof are preferred from the viewpoint of reducing ability, yield and/or quality, among 
others, and, in particular, hyposulfurous acid (specifically hyposulfurous acid salts) and ascorbic acid or related com- 
pounds thereof are preferred. 

[0064] In carrying out the reduction reaction, an alcohol and/or water are/is suitably used singly or in combination, 

30 as mentioned above. Water is preferred in particular when iron, zinc, or hyposulfurous acid or a salt thereof is used as 
the reducing agent. When a metal hydride compound or ascorbic acid or a related compound thereof is used as the 
reducing agent, an alcohol can be used in combination. The combined use of water and an alcohol exhibits the char- 
acteristics of both water and the alcohol and contributes to improvements in reaction rate and yield, among others. 
[0065] In the following, a preferred method of reduction is described in detail. 

35 [0066] The reduction using hyposulfurous acid or a salt thereof is preferably carried out using water in combination, 
namely in a mixed solvent system composed of at least one organic solvent selected from among the above-mentioned 
hydrocarbons, fatty acid esters, ethers, and nitrites, with water. On that occasion, the reaction is preferably carried out 
generally at a pH of not higher than 7, preferably at pH 3 to 7, more preferably at pH 3 to 6, from the viewpoint of yield, 
etc. ThepH can be adjusted using an acid (e.g. an inorganic acid such as hydrochloric acid or sulfuric acid) or a base 

40 (e.g. an alkali metal hydroxide such as sodium hydroxide). 

[0067] In the reduction using hyposulfurous acid or a salt thereof, the amount of water is not particulariy restricted 
but may be an amount of water such that an appropriate amount of the reducing agent, namely hyposulfurous acid or 
a salt thereof, can be dissolved therein. Thus, for example, it is advisable that the amount of the hyposulfurous acid 
or a salt be adjusted generally to not more than 30 w/w%, and preferably not more than 20 w/w%, relative to the weight 

45 of water From the productivity viewpoint, among others, It is advisable that the amount be adjusted generally to not 
less than 1 w/w%, preferably not less than 5 w/w%, and more preferably not less than 10 w/w%. 
[0068] The reduction using the ascorbic acid or a related compound thereof mentioned above is preferably carried 
out using a solvent especially highly miscible with water as selected from among the above-mentioned hydrocarbons, 
fatty acid esters, ethers, and nitriles, in particular at least one species selected from among ethers and nitrites, which 

so are highly miscible with water, and more specifically tetrahydrofuran, dioxane, acetonitrlle or the like. An alcohol may 
also be used as another solvent. Furthermore, from the viewpoint of reaction promotion (e.g. reaction temperature 
lowering or reaction time shortening) in the production of reduced coenzyme Q^q. »t is also possible to carry out the 
reduction in the presence of an additive having a reaction promoting effect, such as a basic substance or a hydrogen- 
sulfite. 

55 [0069] The basic compound is not particularly restricted but may be either an inorganic compound or an organic 
compound. The inorganic compound is not particulariy restricted but includes, among others, the hydroxides, carbon- 
ates, and hydrogencarbonates of metals (preferably alkali metals, alkaline earth metals, and the like), and ammonia. 
As typical examples thereof, there may be mentioned alkali metal hydroxides such as sodium hydroxide, alkali metal 
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carbonates such as sodium carbonate, alkali metal hydrogencarbonates such as sod.um J^f "^S^"^^^^^^ 
alkaline earth metal carbonates such as magnesium carbonate. The organic compound <s not particularly restncted 
Sc^Ss a^ong others, amines such as triethylamine. Among the basic -b^^^-- ^P^^'^''^^''^^^^^^^^ ""Zis 
weakly basic substances (weak bases or weak alkalis) such as the carbonates and hydrogencarbonates of metals 
roX^abW alkali metals a kaline earth metals, etc.), ammonia, and like Inorganic compounds; amines such as tnethyl- 
LSe an'd^ f oT^^^^^^^ are preferably used. More preferred are the weakly basic inorganic compounds 

ro07ir'pre?eTred as the hydrogensulfite are, for example, alkali metal hydrogensulfites such as sodium hydrogen- 

rOOTl'l The amount of the additive mentioned above is not particularly restricted but may be such that the reaction 
SoZnIeffecTof the^^^^ can be produced to a desired extent (effective amount). From the economical viewpoint 
Sreve tS amount is generally not more than 20 moles, preferably not more than 10 moles, more Preferably 
moTeZ 5 moles, and s?ill more preferably not more than 2 moles, per m 

t^e eof The lowe limit is not particularly restricted but, generally, it Is not less than 0.01 -^o'es, preferably not less 
tJ^n ^ormolermore preferably not less than 0.1 moles, and still more preferabty not less than 0.2 moles, per mole 

equ'ld or sSrc^se such flowing per unit volume is generally not less than about 0 01 kWm3. Pre^rabty not 
ess tLan about 0 1 kW/m3 and more preferably not less than about 0.3 kW/m3. jhe above forced flowing is generally 
iJustd by thelminr^^^^ sLng blade (s). The' use of a stirring blade (s) is not always necessary if the above flowing 
can be otherwise obtained. For example a method based on liquid circulation may be utilized. 
m073! Thrreduction temperature may vary depending on the reducing agent species and/or amount hence cannot 
be Ibsolutefy specified In the reduction using hyposulf urous acid or a salt thereof, for instance, the reduction is gen- 
erai ca^ed out af l OOo^ or below, preferat^y at 80»C or below, more preferably at 60=C or below T J lower m. . 
The soHdncation temperature of the system. Thus, the reduction can be favorably earned out generally at about 0 to 
Too'c prefe aCly at about 0 to 80-C more preferably at about 0 to 60»C. In the reduction using ^corbie acid or a 
elated compound Ireof . the reduction is carried out generally at 30-0 or higher, preferably at 40»C or h'gher. more 
ptelTy at 50«C or higher. The upper limit is the boiling point of the system. Thus, the ^^f-f" ^^^^^^^^ 
carried out generally at about 30 to 150<>C. preferably about 40 to 120»C, more preferably at about 50 to 1 00 C. 
roT74] ine reaction concentration is not particularly restricted but the weight of f 

the solvent weight is generally not less than about 1 w/w%. preferably not less than 3 w/w %. more Preferably n^^^ 
tL ?0 w/w% , and stNl more preferably not less than 1 5 wM%. The upper limit is not '^'^ f "^^^^^^ 
s not higher than about 60 w/w%, preferably not higher than 50 w/w%, more preferably not higher than 40 w/w%^and 

fpre erab,y nothigherthan30w/w%^ 
S about 1 to 60 wL%, preferably about 3 to 50 w/w%. and more preferably about 10 to 40 wMJ. 
[0075] The reduction reaction time may vary depending on the reducing agent ^Pec-^s and^r he amo""t t^^^^^ 
hence cannot be absolutely specrfied. Generally, however, the reaction can be driven to completion wrthm 48 hours, 
oreferablv within 24 hours, more preferably within 1 0 hours, and still more preferably within 5 hours. 
fo076T It Ts exceeds preferable to carry out the reduction reaction in a deoxidbed atmosphere. Surprisingly, rt 
was Ind hJTthe reduction reaction u^lng hyposutfurous acid or a salt thereof, in P^^^'-^ ^^^^^^^^^^^^ 
greaS contributes to an improvement in reduction reaction yield and a reduction m 'f^^^^^^^^^'"'^;'^^ 
oSed atmosphere can be attained by substitution with an inert gas, pressure reduction. ^-^"S^^l^^^^^^o^^^^^^^^ 
these It is preferable to cany out at least the substitution with an inert gas, namely to use an inert gas atri^°sphere^ 
AS the inirt gas there may be mentioned, for example, nitrogen gas. helium gas. argon gas. hydrogen gas. and carbon 

Son mixture and'if necessary (preferably), the organic phase is further washed ^^^^J^iriTnte su^^^^^^^^^ 
solution of sodium chloride, or the like to achieve complete contaminant elimination and then it can be subjected to 
cLallization When the hyposulfurous acid or a salt thereofmentioned above, such as sod.um hyposujite. in parti^^^^^ 
TuTed as t^e reducing agent, it is desirable to repeat washing with water so that contaminants -derived from the 
hypoJSlfumus acid or salt thereof may be removed completely and/orthe pH of the ^^^^^^^^^l^^";^^^^^ 
rO0781 When oxidized coenzyme Q^o is reduced with ascorbte acid or a related compound thereof using the above 
r^entioned h^hly water-miscible solvent, in particular at least one species selected from among those ethers and 
Ses which are highly miscible with water (e.g. tetrahydrofuran, dioxane. acetonitrile. etc.). « a very conven ent 
andeffidLproceduretocrystallizered 

^0079]' Tht' abo:;t';Zent following the reduction reaction is preferably carried out in a deoxidized atmosphere 
and. thereby, the oxidation-protective effect can be further increased. 
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[0080] The crystallization of reduced coenzyme Q^g is now described. 

[0081] The reduced coenzyme Q^o to be subjected to crystallization can be obtained in the conventional manner, 
for example, by synthesis, fermentation, or extraction from a natural source. Preferred is the product obtained by 
reduction of oxidized coenzyme Q^q contained in reduced coenzyme Q^q- reduction of oxidized coenzyme Q^q. 
5 More preferred is the product obtained by canying out the reduction reaction in accordance with the present invention, 
as described above. 

[0082] While the method of crystallization according to the invention can be applied also to products containing 
oxidized coenzyme Q^q relatively large amounts, the method is particularly effective in crystallizing high-purity re- 
duced coenzyme Q^q prepared by the reduction method described above. In the practice of the invention, it is very 

10 effective to purify and crystallize reduced coenzyme Q^q ^'^^ simultaneous removal of impurities contained in the 
reaction mixture or extract obtained in the conventional manner or produced by the above-mentioned reduction method 
or the like. More specifically, reduced coenzyme Q^q can be crystallized from the reduction reaction mixture obtained 
by the reduction method mentioned above, or a solution obtained by collecting the reduced coenzyme Q^o'^^^^aining 
organic phase from the above reaction mixture, if necessary followed by washing of the organic phase. On that occa- 

15 sion, the impurities should preferably be eliminated into the mother liquor. This makes It possible to remove coexisting 
impurities, in particular analogous compounds having a similar structure and generally not always easy to remove 
(specifically, reduced coenzyme Qg, reduced coenzyme Oq, reduced coenzyme Q7, etc.). Needless to say, it is possible 
to utilize the method as a method of recrysiallizing reduced coenzyme Q^q crystals obtained beforehand by purification 
and crystallization. 

20 [0083] The crystallization of reduced Q^q carried out using, as the solvent, at least one species selected from 
among the above-mentioned hydrocarbons, fatty acid esters, ethers, and nitriles. Among them^ hydrocarbons are pre- 
ferred, aliphatic hydrocarbons and aromatic hydrocarbons are more preferred, aliphatic hydrocarbons are still more 
preferred, and the above-mentioned pentahes, hexanes, heptanes and octanes are most preferred. From the viewpoint 
of crystallization yield and/or unnecessariness of excessive cooling in crystallization, among others, acyclic aliphatic 

25 hydrocarbons are particularly preferred among the aliphatic hydrocarbons. 

[0084] The method of crystallization is not particularly restricted but the crystallization can be carried out by utilizing 
a conventional crystallization method, namely at least one of the cooling crystallization, concentration crystallization, 
solvent substitution crystallization and other methods. In particular, the cooling crystallization method, or a combination 
of the cooling crystallization method with some other method of crystallization is preferred. 

30 [0085] The cooling temperature in the step of crystallization is an Important factor and, from the yield viewpoint, 
among others, it is generally not higher than 20°C, preferably not higher than 1 0^'C, more preferably not higher than 
S'^C. The lower limit is the solidification temperature of the system. Thus, the crystallization can be advantageously 
carried out generally at a cooling temperature of about -30*C to +10*'C, preferably about -aO'C to +10*C, more pref- 
erably about -1 O^'C to +5°C. 

35 [0086] In the process of crystallization, the amount of crystals crystallizing out per unit time may be controlled to 
minimize the immixture of various impurities into the obtained reduced coenzyme O^q, or to obtain a slurry with good 
characteristics. A prefen'ed rate of crystallization per unit time is, for example, not higher than the rate of crystallization 
which causes crystallization of about 50%, per unit time, of the whole amount of crystals to be obtained (i.e. at most 
50%/hour), preferably not higher than the rate of crystallization which causes crystallization of about 25%, per unit 

40 time, of the whole amount of crystals to be obtained (i.e. at most 25%/hour). The rate of cooling in the crystallization 
by cooling is generally not higher than about 40**C/hour, and preferably not higher than about 20*'C/hour. 
[0087] The crystallization concentration is also an important factor and, when expressed in terms of the weight of 
reduced coenzyme Q^o relative to the weight of the crystallization solvent at the time of completion of crystallization, 
it is not higher than about 15 w/w%, preferably not higher than about 13 w/w%, more preferably not higher than 10 w/ 
w%. The preferred crystallization concentration may vary depending on the solvent species employed and, for attaining 
satisfactory crystallization results using an aliphatic hydrocari^on or a solvent whose main ingredient is an aliphatic 
hydrocarbon, the crystallization concentration is not higher than about 13 w/w%, preferably not higher than about 10 
w/w%, more preferably not higher than about 8 w/w% and, in the case of an acyclic aliphatic hydrocarbon, which is 
most preferred, or a solvent whose main ingredient is an acyclic aliphatic hydrocarbon, the crystallization concentration 

50 is not higher than about 10 w/w%, preferably not higher than about 8 wAft^%, and more preferably not higher than about 
7 w/w%. By maintaining such a concentration as mentioned above, it becomes possible to carry out the crystallization 
favorably in a manner adapted to the operability on an industrial scale. The lower limit to the crystallization concentration 
is not particularly restricted but, from the productivity viewpoint, it is generally not lower than about 1 w/w%, preferably 
not lower than about 2 wAa^%. 

55 [0088] The crystallization is preferably carried out under forced flowing. For preventing the state of supersaturation 
from occurring and thereby allowing the nucleation and crystal growth to proceed smoothly and, furthermore, from the 
viewpoint of obtaining high-quality products, the flowing is generally brought about by a stimng power per unit volume 
of not weaker than about 0.01 kW/m^. preferably not weaker than about 0.1 kW/m^, and more preferably not weaker 
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than about 0.3 kW/m3. The forced flowing is generally provided by the turning of a stirring blade(s). However the^use 
of a stirring blade (s) is not always necessary if the above flowing can be otherwise obtained. For example, it is possible 

to utilize a method based on liquid circulation. * + 

0089] in cariying out the crystallization, seed crystals are preferably added so that the state of supersaturation may 

5 be prevented from occurring and the nucleation and crystal growth may be allowed to proceed smoothly. 

[0090] in carrying out the crystallization according to the invention, such another auxil«ry ^o'^^"^ f ^ "^^"^^^^^ 
above may be used, according to need, in combination with the above-mentioned solvent having a high protecm^e 
Sect aqafnst oxidat on if the other solvent will not produce any adverse effect. While an appropnate amount of such 
auxTary so^ent may be added to the solvent mentioned above for improving the solubility of reduced coenzynne 

,c r as wen as the crystaLation concentration, crystallization temperature, yield, slurry characteristic^ and crystal 
charactrns ii amon^ others, the use of such a mixed solvent may result in a drastic increase in solubility, whereby 
theT^SSion^eld^athertends to decreaseinsome instances.^ 

effec7and/or crystallization yield, among others, a solvent, whose substantial main ingredient .s the solvent mentioned 
above rSaWy used ^hus when the soK/ent is used in admixture with another solvent, the proportion (ratio by 
,5 J^r^e onhTother solvent Is not particularly restricted but generally is not higher than about 0.3. preferably not h^her 
'han^bout 0.2, more preferably not higher than about 0.1 , and still more preferably not higher than about OJ35 Needless 
to say, the lower limit is 0 (zero). As mentioned hereinabove, the volume ratio is the proportion of ^^^^^^ ^^^^^ 
other solvent to the whole solvent volume in the case of homogeneous systems and, in the case of l^^terogeneous 
systems, the proportion of the volume of the other solvent (s) to the volume of the solvent phase in which reduced 

" lOO^Twhl^n'^rTtl' rstseJcombinedly as the other auxiliary solvent, however, water can show its characteristics 
and can contribute to improvements in slurry characteristics, for instance. The amount of water in the crystaMon of 
reduced coenzyme Q,o influences on the slurry concentration of reduced coenzyme Q,o crystallized out and/or on the 
1^ cha'ctertL AS the amount of waterTncreases, the slurry concentration decreases and the "-^'ty generally 

2S Tclses. on the other hand, the decrease in s.uny concentration as a whole leads to a decrease produc..,^^ The 
amount of water is not particularly restricted but. taking the above factors into consideration, it may be vaned so that 

it mav be adjusted to and nnaintained in an appropriate range. 

[0092] Thi other auxiliary solvent mentioned above may be added prior to or during the crystallization process or 
afterstabilization of the amount of the precipitated crystals, f„r ovamnle bv 

30 [0093] The thus-obtained crystals of reduced coenzyme Q,o can be recovered as ^^^^^VP^^^^^^^J^!^^^^^^ 
Lch a solidMiquid separation technique as centrifugation, pressure fiftration. or vacuum filtra^^on rf n^^^^^^^ 

bv cake washing They can be recovered also as a dry product by further charging the wet product in a reduced pressure 
drie^acuum drieO purged with an inert gas and drying the same under reduced pressure. The recovery in 

35 P^'^t'Te 'crystallization is carried out in a deoxidized atmosphere, the protective effect ^^^^^^^^^^^^''^ 
L further increased.The deoxid.ed atmosphere can be attained by inert gas substrtution J^^f "^^^^"^^^^^^^ 
or a combination of these. It is preferable to carry out at least the substitution with an inert Qas, narnely t° ^"^^^^^ 
gas atmosphere. As the inertgas, there may be mentioned.for example, nitrogen gas, heliumgas, argon gas, hydrogen 

gas, and cartjon dioxide gas. Nitrogen gas is preferred, however. „.,„th-,oi,oH anri rrv.?- 

40 ?0095] in accordance with the present invention, high-quality reduced coenzyme Q,o can be ^V^^^^^-^^^^^^^^^^ 
tallized in a convenient and efficiency manner The crystals of reduced coenzyme Q,o as 

the present invention are of very high quality and can be expected to have a reduced coenzyrrie Q,o/ox^dized coenzyme 
Q,o weight ratio of not lower than 96/4. preferably not lower than 98/2. more preferably not lower than 99/1 . 

45 BEST MODE FOR CARRYING OUT THE INVENTION 

[0096] The following examples illustrate the present invention in further detail. These examples are, however, by no 
means limitative of the scope of the present invention. In the examples, the purity of reduced coenzyme Qio ^he 
Tedu edT:;enzyme Q ^oxidized coenzyme Q,o weight ratio were detem,lned by the HPLC analysis ^^^^^^^^^^^^ 
50 The reduced coenzyr^e Q,o punty values as detem^ined, however, are by no means indicative ^fj^elimrt purrty value 
attainable in accordance with the present invention. Likewise, the reduced coenzyme Qic/oxidized coenzyme Q,o 
weight ratio values obtained never indicate the upper limit to that ratio. 

(HPLC conditions) 

[0097] Column: SYMMETRY C18 (product of Waters). 250 mm (in length) . 4.6 mm (in '^^^'f^^^*^^^^^^ 
phase: C2H50H:CH30H = 4:3 (v/v); detection wavelength: 210 nm; flow rate: 1 ml/m.n; retention t.me of reduced 
coenzyme Qiq: S ** it^*"*. retention time of oxidized coenzyme O^d. 13.3 mm. 
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(Example 1) 

[0098] Oxidized coenzyme Q^q (100 9; containing 0.40% of oxidized coenzyme Q9, purity 99.4%) was dissolved in 
1000 g of heptane at aS^C. While stirring (power required for stirring: 0.3 kW/m^), an aqueous solution prepared by 

5 dissolving 1 00 g of sodiumhyposulflte (purity: at least 75%), as the reducing agent, in 1 000 ml of water was gradually 
added and the reduction reaction was carried out at 25**C and at pH 4 to 6. After the lapse of 2 hours, the aqueous 
phase was removed from the reaction mixture, and the heptane phase was washed 6 times with 1 000 g of a deaerated 
saturated aqueous sodium chloride solution to give a heptane phase containing 1 00 g of reduced coenzyme Q^q (^°"" 
taining 0.40% of reduced coenzyme Q9). This heptane phase was cooled to 2**C while stirring (power required for 

10 stirring: 0.3 kW/m^) to give a white slurry. All the above operations were canried out in a nitrogen atmosphere. The 
slurry obtained was filtered under reduced pressure, and the wet crystals were washed in sequence with cold heptane, 
cold ethanol, cold water, cold ethanol and cold heptane (the cold solvents used for washing having a temperature of 
2**C). The wet crystals were further dried under reduced pressure (20-40''C, 1-30 mmHg) to give 93 g of white dry 
crystals (containing 0.29% of reduced coenzyme Qg, percentage of elimination: 28%) (isolated product yield: 93 mole 

15 percent). The reduced coenzyme Q^o^oxidlzed coenzyme Q^q weight ratio of the crystals obtained was 99.6/0.4. and 
the purity of the reduced coenzyme Q^q was 99.2%. 

(Example 2 and Comparative Example 1) 

20 [0099] One gram of the reduced coenzyme Q-,0 obtained in Example 1 was dissolved in 20 g of each of various 
solvents shown in Table 1 at 25°C. After 24 hours of stirring in the air at 25°C, the reduced coenzyme Q^o/oxidized 
coenzyme Q^q weight ratio in each solution was detennined. The results thus obtained arie shown in Table 1 together 
with the results obtained by storing the crystal under the same conditions as above (1 g of reduced coenzyme Q,q 
stored in the air at 25°C for 24 hours) for comparison. 

25 

Table 1 





R 


Example 2 


Heptane 


99.1/0.9 




Hexane 


98.7/1.3 




Toluene 


98.8/1 .2 




Chloroform 


98.9/1.1 




Ethyl acetate 


98.9/1.1 




Methyl tert-butyt ether 


98.6/1.4 




Tetrahydrofuran 


98.5/1 .5 


Comparative Example 1 


Methyl isobutyl ketone 


69.2/30.8 




Dimethylfomriamide 


31.0/69.0 




N-Methylpyn-olidone 


67.3/32.7 




Crystal 


95.9/4.1 


R: Reduced coenzyme 

tio 


Q-io/oxidized coenzyme weight ra- 



(Example 3 and Comparative Example 2) 

[0100] One gram of the reduced coenzyme Q^q obtained in Example 1 was dissolved in 100 g of each of various 
solvents shown in Table 2 at 35*»C. After 24 hours of stirring at 35**C in the air, the reduced coenzyme Q^o/oxidized 
coenzyme Q^q weight ratio in each solution was determined. The results thus obtained are shown in Table 2. 



55 
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table 2 





Solvent 


p 

ri 


Example 3 


Heptane 
Ethyl acetate 
Acetonitrlle 


96.7/3.3 
96.4/3.6 
96.0/4.0 


Comparative Example 2 


Methyl isobutyl ketone 


46.1/53.9 


R: Reduced coenzyme o/ox'dlzed coenzyme u^o weighi ra- 
tio 



15 



20 



25 



30 



(Example 4) 

[01 01 ] Ten grams of oxidized coenzyme Q^o was dissolved in 1 00 g of each of various solvents shown in Table 3 at 
25°C While stirring (power required for stirring: 0.3 kW/m3), an aqueous solution prepared by dissolving 10 g of a 
commercial grade of sodium hyposulfite (purity: at least 75%), as the reducing agent, in 1 00 ml of water was gradually 
added and the reduction reaction was carried out at 25°C and at pH 4 to 6. After the lapse of 2 hours, the aqueous 
phase was removed from the reaction mixture, and the organic phase was washed 6 times with 1 00 g of a deaerated 
saturated aqueous sodium chloride solution. All the operations were carried out in a nitrogen atmosphere. The reduced 
coenzyme Q^j/oxidized coenzyme Q,o weight ratio in the organic phase was then determined. The results thus obtained 
are shown in Table 3. 

Table 3 



35 



Solvent 


R 


Heptane 


99.5/0.5 


Hexane 


99.3/0.7 


Ethyl acetate 


99.4/0.6 


Methyl tert-butyl ether 


99.2/0.8 


Toluene 


99.4/0.6 


Chloroform 


99.3/0.7 


R: Reduced coenzyme Qn/oxidized coenzyme u^o weignt ra- 
tio 



40 



(Example 5) 

[0102] Ten grams of oxidized coenzyme Q^o was dissolved In 100 g of heptane at 25'C. 1 .5 g of a zinc powder and 
110 g of 2 9 N sulfuric acid were added and. after 6 hours ol stirring (power required for stin-mg: 0.3 kW/m ) at ZS'C, 
1 00 g of concentrated hydrochloric acid was added. The reduced coenzyme Q,o/oxidized coenzyme 0,0 weight ratio 
in the heptane phase was determined and found to be 99.6/0.4. All the operations were carried out in a nitrogen 
atmosphere. 



4S 



so 
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(Example 6) 

[01031 The reduction reaction and crystallization were carried out in the same manner as in Example 1 except that 
hexane was used as the solvent for dissolving oxidized coenzyme Q^o- As a result. 93 g of dry white crystals were 
obtained (isolated product yield: 93 mole percent). The reduced coenzyme Q,o/oxidized coenzyme Q^o weight ratio 
of the crystals obtained was 99.4/0.6, and the purity of the reduced coenzyme 0,0 was 99.0%. 

(Example 7) 

[0104] Oxidized coenzyme Q,o (100 g; purity 99.4%) was dissolved in 1000 g of hexane at 25=C. While stirring 
(power required for stirring: 0.3 kW/m3), an aqueous solution prepared by dissolving 1 00 g of sodium hyposulfite (purity: 
at least 75%), as the reducing agent, in 1000 ml of water was gradually added and the reduction reaction was earned 
out at 25°C and at pH 4 to 6. After the lapse of 2 hours, the aqueous phase was removed from the reaction mixture, 
and the hexane phase was washed 6 times with 1000 g of a deaerated saturated aqueous sodium chlonde solution. 
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Methanol (50 g) was added to the hexane phase, and the mixture was cooled to 2''C while stirring (power required for 
stirring: 0.3 kW/m^) to give a white slurry. All the above operations were carried out in a nitrogen atmosphere. The 
slurry obtained was filtered under reduced pressure, and the wet crystals were washed in sequence with cold hexane, 
cold ethanoi, cold water, cold ethanol and cold hexane (the cold solvents used for washing having a temperature of 
5 2*^0). The wet crystals were further dried under reduced pressure {20-40*C, 1-30 mmHg) to give 92 g of dry white 
crystals (isolated product yield: 92 mole percent). The reduced coenzyme Qio/oxidized coenzyme Q^q weight ratio of 
the crystals obtained was 99.4/0.6, and the purity of the reduced coenzyme Q^o was 99.0%. 

(Example 8) 

10 

[0105] Oxidized coenzyme Q^o (100 g; purity 99.4%) was dissolved in 1 000 g of ethyl acetate at 25''C. While stirring 
(power required for stirring: 0.3 kW/m^)^ an aqueous solution prepared by dissolving 1 00 g of sodium hyposulf ite (purity 
at least 75%), as the reducing agent, in 1 000 ml of water was gradually added and the reduction reaction was carried 
out at 25*'C and at pH 4 to 6. After the lapse of 2 hours, the aqueous phase was removed from the reaction mixture, 

15 and the ethyl acetate phase was washed 6 times with 1000 g ol a deaerated saturated aqueous sodium chloride 
solution. Ethanol (300 g) and 50 g of water were added to the ethyl acetate phase, and the mixture was cooled to 2°C 
while stirring (power requiredfor stirring: 0.3 kW/m^) to give a white slurry improved in fluidity as compared with Example 
1 . All the above operations were carried out in a nitrogen atmosphere. The slurry obtained was filtered under reduced 
pressure, and the wet crystals were washed in sequence with cold ethanol, cold water, and cold ethanol (the cold 

20 solvents used for washing having a temperature of 2**C). The wet crystals were dried under reduced pressure (20-40°C, 
1-30 mmHg) to give 89 g of dry white crystals (isolated product yield: 89 mole percent). The reduced coenzyme Q^q/ 
oxidized coenzyme Q^q weight ratio of the crystals obtained was 99.5/0.5, and the purity of the reduced coenzyme 
Q^Q was 99.2%. 

2S (Example 9) 

[0106] Reduced coenzyme O^q (100 g; reduced coenzyme Qn/oxidized coenzyme Q^q weight ratio: 95/5; purity as 
coenzyme Q^q- 99.4%) was dissolved in 1 000 g of heptane at 25''C. While stirring (power required for stirring: 0.3 kW/ 
m^), an aqueous solution prepared by dissolving 10 g of sodium hyposulfite (purity: at least 75%), as the reducing 

30 agent, in 1000 ml of water was gradually added and the reduction reaction was carried out at 25''C and at pH 4 to 6. 
After the lapse of 2 hours, the aqueous phase was removed from the reaction mixture, and the heptane phase was 
washed 6 times with 1000 g of a deaerated saturated aqueous sodium chloride solution. This heptane phase was 
cooled to 2^C while stirring (power required for stirring: 0.3 kW/m^) to give a white slurry. All the above operations were 
carried out in a nitrogen atmosphere. The slurry obtained was filtered under reduced pressure, and the wet crystals 

35 were washed in sequence with cold heptane, cold ethanol, cold water, cold ethanol and cold heptane (the cold solvents 
used for washing having a temperature of 2*^0). The wet crystals were dried under reduced pressure (20-40**C, 1-30 
mmHg) to give 93 g of dry white crystals (isolated product yield: 93 mole percent). The reduced coenzyme Q^e/oxidized 
coenzyme Q^o weight ratio of the crystals obtained was 99.6/0.4, and the purity of the reduced coenzyme Q^q was 
99.2%. 

40 

(Example 10) 

[0107] The reduction reaction and crystallization were carried out under exactly the same conditions as in Example 
1 except that the oxidized coenzyme Q^q used has a purity of 98.4% (containing 1 .0% of oxidized coenzyme Qg, 0.30% 
45 of oxidized coenzyme Qg and 0.04% of oxidized coenzyme Q7). As a result, 93 g of dry white crystals (containing 
0.72% of reduced coenzyme Qg. percentage of elimination: 28%; and 0.11 % of reduced coenzyme Qg, percentage of 
elimination: 63%; reduced coenzyme Q7: not detected) (isolated product yield: 93 mole percent) were obtained. The 
reduced coenzyme Q^Q/oxidized coenzyme Q^q weight ratio of the crystals obtained was 99.6/0.4, and the purity of 
the reduced coenzyme Q^q was 99.0%. 

50 

(Example 11) 

[0108] Ten grams of crystals of reduced coenzyme Q^o (containing 0.29% of reduced coenzyme Qg; purity 99.1%; 
reduced coenzyme Q^j/oxidized coenzyme Q^q weight ratio 99.4/0.6) as obtained in the same manner as in Example 
55 1 were dissolved in 1 40 g of acetonitrile at 45**C, and the solution was cooled to 2'C while stirring (power required for 
stirring: 0.3 kW/m^) to give a white slurry. All the above operations were earned out in a nitrogen atmosphere. The 
slurry obtained was filtered under reduced pressure, and the wet crystals were washed in sequence with cold ace- 
tonitrile, cold water and cold acetonitrile (the cold solvents used for washing having a temperature of 2*C). The wet 
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20 



25 



crystals were dried under reduced pressure (20-40°C, 1 -30 mmHg)to give 9.5 g of dry white crystals (containing 0.25 /o 
of reduced coenzyme Qg, percentage of elimination; 14%) (Isolated product yield: 95 mole percent). The reduced 
coenzyme Qio/oxidized coenzyme Q,o weight ratlo of the crystals obtained was 99,4/0.6, and the purity of the reduced 
coenzyme Q^o was 99.1%. 

(Example 12) 

r0109] Ten grams of crystals of reduced coenzyme 0,0 (containing 0.29% of reduced coenzyme Qg; purity 98.8%; 
reduced coenzyme Q^oxidized coenzyme Q,o weight ratio: 99.1/0.9) as obtained in the same manner as .n Exampte 
1 were dissolved in 100 g of heptane at 250C, and the solution was cooled to 2°C while st.mng (power required for 
stirring- 0.3 kW/m3) to give a white slurry. All the above operations were carried out in the air. The slun^ obtained was 
filtered under reduced pressure, and the wet crystals were washed in sequence with cold heptane, cold ethanol, cold 
water cold ethanol and cold heptane (the cold solvents used for washing having a temperature of 2-C). The wet crystals 
were dried under reduced pressure (20-40°C, 1-30 mmHg) to give 9.3 g of dry white crystals (containing 0.20 A of 
15 reduced coenzyme Qo. percentage of elimination: 31 %) (isolated product yield: 93 mole percent). The reduced coen- 
zyme Qio/oxidized coenzyme Q^o weight ratio of the crystals obtained was 99.0/1 .0, and the purity of the reduced 
coenzyme Q^o was 98.8%. 

(Comparative Example 3) 

r0110] Ten grams of the crystals of reduced coenzyme Q,o as obtained in Example 1 were dissolved in 70 g of N- 
methylpyrrolidone at 2500. Furthermore, 1 0 g of water was added, and the solution was cooled to 2°C while stirring 
(power required for stirring: 0.3 kW/m^) to give a pale-yellow slurry. All the above operations were earned out in the 
air. The slurry obtained was filtered under reduced pressure, and the wet crystals were washed in sequence with cold 
ethanol cold water and cold ethanol (the cold solvents used for washing having a temperature of 2°C). The wet crystals 
were dried under reduced pressure (20-40°C. 1-30 mmHg) to give 9.6 g of pale-yellow dry crystals (isolated product 
yield: 96 mole percent). The crystals obtained had a pale-yellow color, the reduced coenzyme Qn/oxidized coenzyme 
Q,o weight ratio was 88.6/11 .4, and the purity of the reduced coenzyme Q^q was 88.3%. 

30 (Example 13) 

[01111 Oxidized coenzyme Q,o (100 g) was dissolved in 1000 g of hexane at 25°C. While stirring (power required 
for stirring: 0.3 kW/m3). an aqueous solution prepared by dissolving 40 g of sodium hyposulfite (purity : at least 75 /o). 
as the reducing agent, in 1000 ml of water was gradually added and the reduction reaction was earned out at 25 C 
35 and at pH 4 to 6. After the lapse of 2 hours, the aqueous phase was removed from the reaction mixture, and the hexane 
phase was washed 6 times with 1000 g of a deaerated saturated aqueous sodium chloride solution^ All the above 
operations were carried out in a nitrogen atmosphere. Thereduced coenzyme Qnt/oxidized coenzyme Qio weight ratio 
in this hexane solution was 99.2/0.8. 

40 (Example 14) 

[01 1 2] Oxidized coenzyme Q^o d 00 g; purity 99.4%). 60 g of L-ascorbic acid and 30 g of sodium hydrogencarbonate 
were added to 1000 g of acetonitrile. and the reduction reaction was carried out with stimng at 55=0. After the lapse 
of 40 hours 1 000 g of heptane and 1 000 g of deaerated water were added to the reaction mixture, and the resulting 
mixture was cooled to 25°C. The aqueous phase was removed from the reaction mixture, and the heptane phase was 
washed 6 times with 1000 g of a deaerated saturated aqueous sodium chloride solution. This heptane phase was 
cooled to 2°C while stirring (power required for stirring: 0.3 kW/m3) to give a white slurry. All the above operations were 
carried out in a nitrogen atmosphere. The slurry obtained was filtered under reduced pressure, and the wet crystals 
were washed in sequence with cold heptane, cold ethanol. cold water, cold ethanol and cold heptane (the cold solvents 
so used for washing having a temperature of 2»C). The wet crystals were further dried under reduced pressure (20-40 C 
1 -30 mmHg) to give 95 g of dry white crystals (isolated product yield: 95 mole percent). The reduced coenzyme Q,o/ 
oxidized coenzyme Q,o weight ratio of the crystals obtained was 99.5/0.5. and the purity of the reduced coenzyme 
Q^o was 99.0%. 

55 (Comparative Example 4) 

[01 13] The reduction reaction was carried out in the same manner as in Example 13 except that all the operations 
were carried out in the air. The reduced coenzyme OWoxidized coenzyme Q,o weight ratio in the hexane solution 



45 



14 



BNStXX:iD: <EP 141S969A1J_> 



EP1 415 969 A1 



10 



15 



obtained was 45.3/54,7. 
INDUSTRIAL APPLICABILITY 

(01 1 4] The invention , which has the constitution described above, is a nnethod suited for comnnercial scale production 
and can give high-quality reduced coenzyme Q^q in a convenient and efficient manner. 

Claims 

1 . A method of producing reduced coenzyme Q^q 
which comprises using at least one species selected from among hydrocarbons exclusive of hexane, fatty 

acid esters, ethers and nitriles as a solvent in synthesizing reduced coenzyme Q^q by reduction of oxidized coen- 
zyme Qio. 

2. The method according to Claim 1 , 

wherein at least one species selected from among fatty acid esters, ethers and nitriles is used as the solvent. 

3. The method according to Claim 1 or 2, 

20 wherein the reduction is carried out in a deoxygenated atmosphere. 

4. A method for preparing reduced coenzyme Q^q 

which comprises using a hydrocarbon as a solvent in a deoxygenated atmosphere in synthesizing reduced 
coenzyme Q^q by reduction of oxidized coenzyme Q,q. 

25 

5. The method according to Claim 4, 

wherein one of heptanes is used as the solvent. 

6- The method according to any of Claims 1 to 5, 
30 wherein a metal hydride compound, iron or zinc is used as the reducing agent. 

7. The method according to any of Claims 1 to 5, 

wherein the reduction is carried out in the presence of water using hyposulfurous acid or a salt thereof as 
the reducing agent. 

35 

8. The method according to Claim 7, 

wherein the reduction is carried out at pH 3 to 7. 

9. The method according to Claim 7 or 8, 

40 wherein the amount of hyposulfurous acid or a salt thereof to be used equals to or is smaller than the amount 

of oxidized coenzyme Q^q^" weight basis. 

10. The method according to any of Claims 1 to 5, 

wherein ascorbic acid or a related compound thereof is used as the reducing agent. 

4S 

11. The method according to Claim 10, 

wherein at least one highly waler-miscible species selected from among ethers and nitriles is used as the 
solvent. 

so 12. The method according to Claim 10 or 11 , 

wherein the amount of the ascorbic acid or a related compound as used is not smaller than 1 mole per mole 
of oxidized coenzyme Q^q- 

13. The method according to any of Claims 10 to 12. 

55 wherein the reduction is carried out in the presence of a basic substance or a hydrogensulfite salt. 

14. The method according to any of Claims 1 to 13, 

wherein, after the reduction reaction, the organic phase containing the product reduced coenzyme 0^0 is 
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recovered and washed with water. 



15 A method of crystallizing reduced coenzyme Qio. ^ ..^ ^«l^^^tcH 

which comprises crystallizing the reduced coenzyme Q,o using, as a solvent, at least one speces selected 
from the group consisting of hydrocarbons, fatty acid esters, ethers and nitnles. 



16. The method according to Claim 1 5, 

wherein an aliphatic hydrocarbon is used as the solvent. 

10 17 The method according to Claim 1 6, 

wherein the aliphatic hydrocarbon is an acyclic aliphatic hydrocarbon. 



25 



15 and octanes. 

19. The method according to any of Claims 15 to 18, 

wherein an impurity is eliminated into the mother liquor. 

20 20. The method according to Claim 19, ^ ^^^«-,wr«^ r\ 

wherein the impurity to be eliminated is at least one species selected from among reduced coenzyme Qg. 

reduced coenzyme Qg and reduced coenzyme Q7. 

21 The method according to any of Claims 15 to 20, 

• wherein the crystallization of reduced coenzyme Q,o is carried out in the manner of cry stall ^at.on by cool.ng 
or a combination of crystallization by cooling with another method of ciystailization. 

22. The method according to Claim 21 . . . . i.. u .u onor- 

wherein the cooling temperature in the step of crystallization is not higher than 20°C. 

23 The method according to any of Claims 15 to 22, i.„„„j 
wherein the crystallization concentration as expressed in tem^s of the weight of ^^^^--f^l'^^j'iol^^ 
on the weight of the crystallization solvent at the time of completion of crystallization is not higher than 1 5 w/w%. 

35 54 Thp method accordina to any of Claims 15 to 23, . , . . 

24. rneth°^.^«^^^ crystallization is carried out under forced flowing caused by a power required for stirring per unit 

volume of not weaker than 0.01 kW/m^. 

25. The method according to any of Claims 15 to 24, 

40 wherein a seed crystal is added in carrying out the crystallization. 

26. The method according to any of Claims 15 to 25, 

wherein the crystallization is carried out in a deoxygenated atmosphere. 

45 27. The method according to Claim 15, , . * t.*«j««Ki« th^i 

Wherein the reduced coenzyme Q,o to be subjected to the crystallization is a product obtainable by the 

method according to any of Claims 1 to 14. 



30 
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28 The method according to Claim 15, ^uf^i,> 
wherein the crystallization of reduced coenzyme Q,o is carried out from a reduction reaction mixture obtain- 
able by the method according to any of Claims 1 to 14, or a solution obtainable by separating an organic phase 
containing reduced coenzyme Qm and. « necessary, washing the organic phase. 

29. A method of stabilizing reduced coenzyme Q^q . , . , ♦ 

which comprises handling reduced coenzyme Q,o in the fomi of a solution ,n at least one solvent selected 
from among hydrocarbons, fatty acid esters, ethers and nitrilesto thereby protect the reduced coenzyme Q.ofrom 
oxidation by molecular oxygen. 
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30. The method according to Claim 29. 

wherein an operation for handling the reduced coenzyme Q^o is at least one operation selected from among 
extraction/washing, concentration and column chromatography. 

5 31. The stabilization method according to Claim 29 or 30, 

wherein the extraction/washing is carried out by an addition from the outside of at least one solvent selected 
from among hydrocarbons, fatty acid esters, ethers and nitrites 

32. The stabilization method according to any of Claims 29 to 31 , 

10 wherein the hydrocarbons is at least one species selected from among pentanes, hexanes, heptanes and 

octanes. 

33. The stabilization method according to any of Claims 29 to 31 , 

wherein the fatty acid esters are formate esters, acetate esters or propionate esters. 

75 

34. The stabilization method according to any of Claims 29 to 31 , 

wherein the ethers are ethers containing 4 to 8 carbon atoms. 

35. The stabilization method according to any of Claims 29 to 31 , 

20 wherein the nitrites are nitriles containing 2 to 8 carbon atoms. 

36. A reduced coenzyme Q^q crystal with a reduced coenzyme Q^(/oxidized coenzyme Q^q weight ratio of not lower 
than 96/4. 

25 
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